The Merus ring which is made by Merus Company in Germany is a new device that can be installed on a feed pipeline to reduce emitter clogging in trickle irrigation. Merus technology works using specifically modulated molecular oscillations or lattice oscillations and is not based on the use of fields created by electric coils or magnets. This study was performed in a field belonging to Isfahan University of Technology (Iran) to investigate the effects of the Merus ring on emitter clogging. Two main treatments of irrigation water, with and without the Merus ring, and three subtreatments of irrigation water salinity were used. The results showed that the irrigation water treatment had a significant effect on average emitter discharge at the 1% level. The average emitter discharge was higher for the treatment with the Merus ring compared to the treatment without the Merus ring. For both irrigation water treatments, the average emitter discharge decreased during the experiment, but the decrease was higher for the treatment without the Merus ring. Moreover, the irrigation water treatment had a significant effect on the distribution uniformity of the emitters at the 5% level. The distribution uniformity was higher for the treatment with the Merus ring compared to the treatment without the Merus ring. Therefore, application of the Merus ring is recommended to achieve lower emitter clogging, higher distribution uniformity, and better irrigation performance.
Introduction
Of the 8 million ha of irrigated land in Iran, 7.6 million ha (95%) are under surface irrigation and 0.4 million ha (5%) under pressurized irrigation. With limited renewable water resources and annual rainfall, particularly during the past two decades, drip irrigation systems have been introduced in agricultural regions of Iran to increase water use efficiency (Ahmad Aali et al. 2009 ).
Drip irrigation, also called trickle irrigation or microirrigation, is a localized irrigation method that slowly and frequently provides water directly to the plant root zone (Evans 2000) . Due to limited water resources and the environmental consequences of common irrigation systems, drip irrigation technology is attracting more attention and playing an important role in agricultural production. Emitter clogging has often been recognized as a serious issue and one of the most important concerns in drip irrigation systems, resulting in lowered system performance and water stress to nonirrigated plants (Capra and Scicolone 1998; Povoa and Hills 1994) . Partial and total clogging of emitters is closely related to the quality of the irrigation water and occurs as a result of multiple factors, including physical, biological, and chemical agents (Coelho and Resende 2001; Gilbert et al. 1981; Pitts et al. 1990 ). Filtration, chemical treatment of water, and flushing of laterals are means generally applied to control emitter clogging (Nakayama and Bucks 1991) . Liu and Huang (2009) conducted a laboratory experiment to study emitter performance with the application of freshwater and treated sewage effluent (TSE). They revealed that the values of reduction in emitter discharge for TSE treatments were greater than those for freshwater treatments.
One of the major causes of emitter clogging is calcium precipitation. This problem correlates to a high pH of applied water, a high concentration of CaCO 3 in water, and excessive variations in environmental temperature (Nakayama and Bucks 1991) .
Chemical clogging, through salt precipitation, is very difficult to control. The general recommendation for preventing chemical clogging is to decrease the pH of the water by acid injection to a value where salt precipitation does not occur (Ahmad Aali et al. 2009 ).
De Melo et al. (2008) studied the effects of calcium and magnesium carbonates on emitter clogging and distribution uniformity of water in trickle irrigation. They found that emitter clogging caused a reduction in water distribution uniformity and an increase in the emitter variation coefficient.
Magnetic water is obtained by passing water through permanent magnets or through electromagnets installed in or on a feed pipeline (Higashitani et al. 1993) . Water passing through a magnetic field might acquire new properties. Magnetic treatment of hard water is currently used to prevent scale formation on hot surfaces, particularly in hot exchangers, as well as in domestic equipment. This treatment process has been developed to replace chemical water treatment methods employing chemical products that might be harmful to the environment and human health. Comprehensive experimental studies were carried out on the modification of the CaCO 3 precipitation process by magnetic treatment. Kobe et al. (2001) studied different forms of CaCO 3 crystals. The crystals were grown from tap water and model water, both with and without a magnetic field. Separate aragonite crystals were formed in the treated water and clusters of calcite in the untreated water. The researchers observed that under the influence of a magnetic field greater than 500 mT, the nucleation and subsequent growth of aragonite could be used as a way to prevent scale. According to the literature, the efficiency of magnetic treatment depends on numerous parameters. For example, Chibowski et al. (2003) and Barrett and Parsons (1998) found that magnetic treatment applied on hard water decreased the quantity of scale formation on the wall. Alimi et al. (2009) found that magnetic treatment affected calcium carbonate crystallization by increasing the total precipitate quantity and by favoring its formation in bulk solution instead of its incrustation on pipe walls. Ahmad Aali et al. (2009) found that an acid injection treatment provided better performance compared to a magnetic field.
The Merus ring which is made by Merus Company in Germany is a new device that can be installed on a feed pipeline to reduce salt precipitation and to remove sediment from the pipes. A Merus ring is made of two halves that can easily be installed on the outside of a pipe. The installation of a Merus ring on pipe is shown in Fig. 1 .
Merus technology works using specifically modulated molecular oscillations or lattice oscillations and is not based on using fields created by electric coils or magnets. The unique Merus technology differs effectively from the standard methods of water treatment. While for the most part conventional methods only treat symptoms, Merus technology has been used to solve the basic technical problems caused by water for more than 10 years. This has been achieved by using water itself effectively against technical problems caused by water, such as rust or lime scale. All conventional technologies on the market, whether chemical or physical, work only at the point of installation. Once the water passes through this point, such conventional methods of treatment can no longer control the water. Chemical matter is added or magnetic fields produced in order to control salt precipitation, corrosion, and microbes in water. In some cases where physical devices are used, the changes undergone by lime scale are not stable, and after a while conditions are converted to the previous state. In the best conditions, physical methods have only an indirect effect on corrosion or microbes. Technically, it is not feasible for the necessary concentration of the substrate to spread uniformly throughout an entire system. The factors and circumstances described previously, together with the water remaining in part of the system for a long period of time, frequently lead to suboptimal results or even to the failure or malfunctioning of conventional methods (Dworshak 2013) .
The principles behind the functioning of Merus rings are new and hard to understand; scientists still debate them. Therefore, the theoretical background of this method relies on empirical research, assumptions, and logical conclusions (Dworshak 2013) .
Each element and each molecule has its own typical natural molecular oscillation. This natural oscillation is unique and compares well with the human fingerprint. Merus is able to isolate, record, and store these oscillations of, for instance, rust. Based on these original oscillations, Merus develops new active oscillations. The aim is to influence the original oscillation of the element in question through new active oscillations in such a way that ultimately the physical properties of the element or of the molecule are modified in the water. In principle, there is a fundamental oscillation for every substance contained in fluids. The Merus ring affects these oscillations. Fig. 2 shows the effect of a Merus ring on a substance's fundamental oscillation (Dworshak 2013) .
According to Fig. 2 , starting from fundamental oscillations, a Merus ring emits new active oscillations. This occurs without any external energy input; only energy supplied by environmental warmth is used. The water absorbs these active oscillations and spreads them in the direction of its flow faster than the actual flow velocity of the water. The mathematical result of fundamental oscillation and active oscillation interference will be zero if these two kinds of oscillation are 180°phase-delayed and both have the same amplitude [ Fig. 2(a) ]. If fundamental oscillation and active oscillation are in-phase, then resonance will occur [ Fig. 2(b) ]. In water, active oscillations interfere with fundamental oscillations and alter the characteristics of substances. The active oscillations of a Merus ring are subject to certain interferences caused by environmental influences, such as electromagnetic pollution. Depending on their intensity, these influences are capable of reducing or even erasing the effect of Merus rings on water. Hence, Merus rings must be installed with a clearance of at least 50 cm from any electric conductor. Merus technology can be used in all piping materials, even in mixed-metal systems. Furthermore, the devices should be installed in such a way that they are protected from splash water so as to avoid surface corrosion (Dworshak 2013) .
Today, Merus has a database containing a large number of active oscillations, each with a specific task. These active oscillations are recorded on an oscillation carrier, much like writing on a data carrier (CD/DVD). The carrier of active oscillations, which is actually the hardware of the Merus ring, is made from a silica-aluminum alloy. This alloy can store an almost unlimited number of active oscillations and emit them in water in a constant and stable form, largely independently of the ambient temperature. The active oscillations are modulated according to the lattice oscillation of aluminum. Due to the ambient heat, the aluminum lattice oscillates and consequently the active oscillations are emitted by Merus ring. The oscillations are positioned in the lattice structure much like a parasite and are thus continually and simultaneously created. The active oscillations create a field within the ring that penetrates all the piping material and thus passes into the water. Due to its bipolar properties, water can absorb, store, and spread active oscillations throughout the entire water leg that follows. In the water, the active oscillations interfere with the natural oscillations of, for example, rust, lime scale, and iron. Due to these interactions, the behavior of the substances released into the water that come into contact with it is modified. The result is that the rust molecules disintegrate into an unstable form and are washed out. Iron no longer reacts with Fe 2 O 3 but with Fe 3 O 4 (magnetite), which is largely inert to further forms of corrosion. Lime remains dissolved in water longer and crystallizes out to a much lesser extent (Dworshak 2013) .
Lime scale and other salts in dissolved form can be found in almost all water. The lime scale contained in water remains as solution as long as there is sufficient CO 2 in the water. If the temperature of the water rises, then CO 2 gases escape and less lime scale stays soluble in the water. This sedimentation precipitates and finally clogs the pipes, valves, or other components of the system. To avoid this problem, water is treated chemically, particularly in critical applications. This relatively costly (because of the chemicals and service) method is often not financially expedient in the case of applications that use large amounts of water. Merus technology is a very competitively priced alternative. The oscillations emitted by Merus devices into water modify the structure of lime scale in a lasting and effective way. This means that the lime scale can be bonded much better by water and thus only precipitates at considerably higher temperatures or much higher concentrations. If the flow in a pipeline or machine is strong enough, the lime scale that is deposited despite the increased solubility is carried away by the water. In no-or low-flow conditions, lime is deposited in a soft, slushy consistency (lime sludge), which can be wiped or sprayed away very easily without chemicals (Dworshak 2013) .
Electrical fields also have a severe impact on treated water. If the piping runs through or along strong electrical fields, the oscillations in the water overlap. In this situation, regarding the system development, a lot of Merus rings might be installed. However, because installed devices recharge water continuously, installing many of them is seldom necessary. Depending on pipe size and discharged water, there are different types of Merus rings and they can influence up to a certain volume of water. Finally, it is rarely necessary to install devices in series (Dworshak 2013) .
Merus rings are used in areas ranging from small dishwashers, machines, and tools to huge pipe bundle heat exchangers in the chemical industry and heavy industry to prevent or reduce sedimentation in pipes. But to date no study has been conducted on the effect of Merus rings on emitter clogging of trickle irrigation. The objective of this study was to investigate the effects of Merus rings and water salinity on trickle irrigation system performance.
Materials and Methods
This study was performed during the summer of 2010 in an experimental field (32°32′N, 51°23′E), at an elevation of approximately 1,630 m above sea level, located at Isfahan University of Technology in Iran. A trickle irrigation experiment was used to collect data. The trickle irrigation system had two subunits, one for irrigation water with a Merus ring and one for irrigation water without a Merus ring. Each subunit had nine laterals, spaced 0.5 m apart, with an external diameter of 16 mm and length of 25 m, which received water from a submain pipe with an external diameter of 25 mm. Each lateral had 50 emitters, spaced 0.5 m apart. Control valves were installed at the beginning of each subunit, and the subunits were spaced 2 m apart.
Each subunit was divided into three sections for three irrigation water salinity treatments, and each section had three laterals. During irrigation, one lateral of each section received the desired irrigation water salinity treatment by closing the valves located at the beginning of the other laterals. This means that three laterals from each subunit were irrigated with the same irrigation water salinity at the same time, and after that three more laterals were irrigated with a different irrigation water salinity. This procedure continued until all irrigation water salinity treatments were applied. Each irrigation water salinity treatment was applied on one day. In total, 30 irrigations, at irrigation intervals of 3 days and 3 h for each irrigation operation time, were applied. An electric pump supplied water to the laterals from the water source at a desired pressure of 80 kPa (0.8 atm). The in-line, long-path, non-pressure-compensating emitters that were used, which go by the trade name Iran Drip, have a discharge of 4 L=h and operate at a pressure of 80 kPa. All pipes used in the system were polyethylene. Due to negligible head loss across the lateral, the lateral inlet pressure was nearly the same as the operating pressure of the emitter.The schematic drawing of the experimental system is shown in Fig. 3 . Two main treatments of irrigation water with a Merus ring (RT) and without a Merus ring (T) and three subtreatments of irrigation water salts, including S 1 , S 2 , and S 3 , were used. The chemical characteristics of the irrigation water salinity treatments are shown in Table 1 . The experiment was performed with three replications, and the field had no crop cover. One Merus ring with a diameter of 1.9 cm was installed around the submain pipe before the entrance of water to the laterals (Fig. 3) .
During each measurement, 25 emitters along each lateral were selected for discharge measurement. The same emitters were used for discharge measurement during the irrigation season. The emitters' discharges were measured using the volumetric method. The discharges for emitters were determined by measuring the volume of emitted water from each emitter for 3 min. After field data collections, the average discharge of emitters (q a ), coefficient of variation of emitter discharge (CV), emission uniformity (Eu), absolute emission uniformity (Eu a ), Christiansen's uniformity coefficient (U c ), statistical uniformity of emitter discharge (U s ), and variations in emitter discharge (q var ) were determined using the equations given by Keller and Karmeli (1974) .
The following notations were used to measure the system performance parameters (q a , CV, Eu, Eu a , U c , U s , q var ): t 1 , at the beginning of the irrigation season for the first irrigation; t 2 , at the end of the first month of the irrigation season for the 10th irrigation; t 3 , at the end of the second month of the irrigation season for the 20th irrigation; and t 4 , at the end of the irrigation season for the 30th irrigation.
To investigate the variations in the chemical characteristics of water discharged from the emitters, water samples were collected at the middle and end of the experiment for emitters located at the beginning and end of laterals. Then, the electrical conductivity, pH, cations such as calcium, magnesium, and sodium, and anions such as bicarbonate and chloride were measured, and the Langelier saturation index (LSI) was then determined.
The following notations were used to measure the chemical characteristics of discharged water from emitters: t c1 , initial chemical characteristics of irrigation water salinity treatments at the beginning of the irrigation season for first irrigation (with an average temperature of 25°C); t c2 , in the middle of the irrigation season (with an average temperature of 27°C); t c3 , at the end of the irrigation season (with an average temperature of 30°C); d 1 , for emitters located at the beginning of laterals; and d 2 , for emitters located at the end of laterals. Statistical analyses were carried out using SAS software.
Results and Discussion
As previously mentioned, the principles behind how Merus works, namely, to modify the physical properties of substances contained in water by means of specially developed oscillations, are new and hard to understand. Scientists still heatedly debate these principles. Therefore, the theoretical background of this method relies on empirical research, assumptions, and logical conclusions. This situation is similar to nineteenth-century experimental physics, when phenomena were discovered and then tested for reproducibility, and finally a theory was developed on the matter.
In this part, at first, to avoid repetition, we provide a general analysis that can be used for all results of this research. A Merus device programs to carry active oscillations. These active oscillations are steadily emitted into the water to be treated by means of Brownian movement. Water is capable of storing these oscillations and passing them on. In water, active oscillations encounter natural oscillations of the substances in it, for example, calcium carbonate, and interfere with them. Thus, the entire oscillation pattern in water is affected. In this way, various alterations are made. For instance, lime no longer solidifies as quickly and is flushed out continuously with the normal flow. In other words, the Merus ring reduces salt precipitation in emitters, which causes a reduced level of clogging in the emitters and, consequently, a greater uniformity of distribution of water.
Note that for all statistical analyses presented in figures in this section, values followed by at least one common character are not statistically different at the 0.05 probability level. Each value in the charts is an average of three replications.
System Performance Parameters

Average Discharge of Emitters
The analysis of variance presented in Table 2 shows that the effects of irrigation water type (RT or T), irrigation water salinity, and sampling time on q a was significant at the 1% level. As shown in this table, the interaction effects of some of the parameters on the average discharge of emitters (q a ) are significant. For example, the interaction effect of irrigation water type with sampling time on q a is shown in Fig. 4 , which shows that as the time increases, q a decreases, and the reduction in q a is lower for irrigation water with a Merus ring. These results indicate that as the time increases, precipitation forms in the emitters for both types of irrigation water treatments. But the Merus ring reduces salt precipitation in emitters, and consequently the values of q a are higher for RT treatments. Liu and Huang (2009) studied the performance of three commonly used emitter types. They found that a reduction in emitter discharge was affected by water quality and time of operation. Results showed that the q a for irrigation water with a Merus ring is higher than without a Merus ring for all irrigation water salinity treatments. This can be explained by the fact that the use of a Merus ring that reduces precipitation causes lower emitter clogging. The highest q a is associated with an irrigation water salinity of S 1 and the lowest q a with an irrigation water salinity of S 3 . This result indicates that the use of water with higher salinity in trickle irrigation systems has a greater potential to induce emitter clogging.
Coefficient of Variation of Emitter Discharge and Variations in Emitter Discharge
The analysis of variance presented in Table 2 shows that the effect of irrigation water type, irrigation water salinity, and sampling time on CV was significant at 1% level. As shown in the table, the interaction effects of some of the parameters on CV are significant. For example, the interaction effect of irrigation water type and sampling time on CV is shown in Fig. 5 . This figure indicates that as the time increases, the CV increases for both types of irrigation water treatment and the increases in CV are lower for irrigation water with a Merus ring. As the time increased, emitter clogging occurred for both types of irrigation water treatment that caused an increase in CV during the experiment. But, because of the effect of the Merus ring on the reduction in emitter clogging, the amounts of CV are lower for RT treatments. It should be noted that results similar to those obtained for CV were obtained for emitter discharge variation (q var ).
The results of this study showed the amounts of CV for irrigation water with a Merus ring are lower than without a Merus ring for all irrigation water salinity treatments. The CV has an inverse relation to the average emitter discharge. With regard to the fact that the Merus ring reduces emitter clogging, the amounts of CV for RT treatment are lower than with T treatment. On the other hand, this figure also shows that the highest CV is associated with an irrigation water salinity of S 3 and the lowest CV with an irrigation water salinity of S 1 . The use of water with more salinity has a greater potential to induce emitter clogging and, consequently, an increase in the CV.
Emission Uniformity, Absolute Emission Uniformity, Christiansen's Uniformity Coefficient, Statistical Uniformity of Emitter Discharge
The analysis of variance presented in Table 2 shows that the effect of type of irrigation water on Eu was significant at the 5% level. The effect of irrigation water salinity and time of sampling on Eu was significant at the 1% level. As shown in the table, the interaction effect of irrigation water with time of sampling on Eu was significant at the 5% level. The result of this interaction effect is shown in Fig. 6 . Similar results were obtained for Eu a , Uc, and Us. Fig. 6 presents the variations in Eu for both types of irrigation water treatment during the experiment. This figure shows that as time goes on, Eu decreases for both types of irrigation water treatment and the reduction in Eu is less for irrigation water with Note: I = irrigation water type (with or without Merus ring); S = irrigation water salinity; t = sampling time; CV coefficient of variation; Uc = uniformity coefficient; Us = statistical uniformity of emitter discharge. a Significance at 1% level. b Significance at 5% level. a Merus ring. Emission uniformity is directly proportional to low quarter emitter discharges and inversely proportional to the average emitter discharge. Both of these parameters were higher for RT treatments and decreased for both types of irrigation water treatment during the experiment. According to the obtained results, low quarter emitter discharges were more affected by emitter clogging compared to the average emitter discharge. Thus, on the whole, Eu decreased for both types of irrigation water treatment during the experiment (due to an increase in emitter clogging over time and, consequently, a reduction in the low quarter emitter discharges) and the reduction in Eu was less for irrigation water with a Merus ring (due to the effect of the Merus ring on the reduction in emitter clogging and, consequently, the increase in the low quarter emitter discharges). Research has shown that partial or complete clogging drastically reduces water application uniformity .
Chemical Characteristics of Emitted Water
Electrical Conductivity
The analysis of variance presented in Table 3 shows that the effect of type of irrigation water, irrigation water salinity, and time of sampling on EC was significant at the 1% level. As shown in the table, the interaction effects of some of the parameters on EC are significant. For example, the interaction effect of irrigation water type and sampling time on EC is shown in Fig. 7 . This figure indicates that as the time increases, EC decreases for both types of irrigation water treatment. The reduction in EC was lower for irrigation water with a Merus ring. This can be explained by the fact that as the time increases, precipitation occurs in emitters for both types of irrigation water treatment. But the Merus ring reduces salt precipitation in emitters, and consequently the reduction in EC is lower for irrigation water with a Merus ring. In other words, for irrigation water with a Merus ring, smaller amounts of salt are deposited in the emitters and more salts are continuously flushed out with the normal flow. Liu and Huang (2009) found that chemical precipitation was the main cause of emitter clogging due to a high pH and ion concentration. According to the results of this study, the EC of irrigation water with a Merus ring is higher than that without a Merus ring for all irrigation water salinity treatments. The Merus ring reduces salt precipitation in emitters and consequently causes a higher salt solution in water and a higher EC of water. On the other hand, smaller amounts of salt are deposited in emitters and more salts are continuously flushed out with the normal flow.
Acidity
The analysis of variance presented in Table 3 shows that the effect of irrigation water salinity and time of sampling on pH was significant at the 1% level. The results showed that pH variations were not constant process during the experiment.
Calcium, Magnesium, Sodium, and Bicarbonate Content
The analysis of variance presented in Table 3 shows that the effect of type of irrigation water, irrigation water salinity, sampling location, and sampling time on Ca 2þ content was significant at the 1% level. As shown in the table, the interaction effects of some of the parameters on Ca 2þ are significant. For example, the interaction effect of irrigation water type and sampling time on Ca 2þ is shown in Fig. 8 . The reasons given for the effect on EC apply to Ca 2þ as well. It should be noted that similar results were obtained for Mg 2þ , Na þ , and HCO − 3 ions. The results showed no significant difference in Ca 2þ content between the beginning and the end of the laterals for irrigation water salinity treatments, but the amount of Ca 2þ was higher for the location of d 1 at the S 2 and S 3 irrigation water salinities. This means that some Ca 2þ precipitated along the pipe and then caused a lower level of irrigation water Ca 2þ at the end of the laterals at the d 2 location.
Chloride
The analysis of variance presented in Table 3 shows that the effect of irrigation water salinity on Cl − was significant at the 1% level. The results indicated that because sediment with a chloride base did not form in the emitters, the amount of this ion was not reduced in the discharge water from the emitters.
Langelier Saturation Index
The analysis of variance presented in Table 3 shows that the effect of type of irrigation water, irrigation water salinity, location of sampling, and time of sampling on the Langelier saturation index (LSI) was significant at the 1% level. As shown in the table, the interaction effects of some of the parameters on LSI are significant. For example, the interaction effect of irrigation water type and sampling time on LSI is shown in Fig. 9 . According to this figure, as the time increases, LSI increases for RT treatments and decreases for T treatments. Generally, important factors affecting LSI are total dissolved solids, concentration of calcium and bicarbonate, pH, and irrigation water temperature. As each of these factors increases, LSI increases. In T treatments, the effect of salt reduction in water discharged from emitters (affected by precipitation in emitters) in the reduction of LSI was greater than the effect of temperature on LSI. Thus, LSI decreased in this treatment. In RT treatments, the effect of a temperature increase on LSI was greater than the effect of salt reduction in water discharged from emitters (affected by precipitation in emitters) on LSI. Thus, LSI increased in this treatment. These results were obtained for water discharged from emitters, not for irrigation water.
The results showed no significant difference between the beginning and the end of the laterals with respect to LSI for any of the irrigation water treatments. Table 3 also shows that the levels of the LSI are greater for RT treatment at both sampling locations. These results illustrate that there is more salt in water discharged from emitters in RT treatments, but, because of the effect of the Merus ring on the reduction of salt precipitation, less salt precipitates in the emitters and higher levels of salt in irrigation water salts result in a higher LSI. According to the results of this study, there is no significant difference between the beginning and end of the laterals with respect to LSI in irrigation water salinity treatments. Fig. 9 also shows that the LSI is lower at location of d 2 for irrigation water salinity of S 3 . Some salts precipitated in the pipes, and lower levels of irrigation water salt resulted in a lower LSI at the ends of the pipes.
Economic Comparison of Merus Ring with Acid Injection
In this study, acid injection was not used, and so an exact comparison between the Merus ring and acid injection cannot be made. But the following approximate comparison was made.
A method that can be used to determine the quantity of acid needed to adjust the pH of irrigation water to a level necessary to prevent carbonate precipitation is acid titration (Nakayama and Bucks 1986) . Sulfuric acid and hydrochloric acid are commonly used. Since precipitation occurs more readily in water with a high pH (above 7.0), precipitation of these compounds can be prevented by continuous injection (whenever the system is operating) of a small amount of acid to maintain the water pH just below 7.0 (Granberry et al. 2012) . Waters vary in their response to acid because of their buffering capacity, but for most waters examined with an initial pH reading of 8, the pH decreased approximately by one unit with 0.5 meq=L acid. In general, a 1 meq=L acid addition would lead to a final pH of between 6 and 6.5. The use of excessive acid is uneconomical and may cause other problems, such as the corrosion of metallic fittings (Nakayama and Bucks 1986) . In addition, chemical water treatment methods sometimes use chemical products that might be harmful to the environment and human Aali et al. 2009 ). In this study, one Merus ring 1.9 cm (0.75 in.) was used. This ring is able to support a flow rate of 4 m 3 =h, and its current price is US$330. The ring was charged for 1 year at the start of the experiment and then must be recharged again. For a comparison between the Merus ring and acid injection, let us suppose that 4,000 L of water passes through the pipe. For continuous injection, with an irrigation interval of 1 day, one must irrigate 365 times per year. As mentioned previously, 1 meq=L acid addition would lead to a final pH of between 6 and 6.5. Thus, for 4,000 L irrigation water, 4,000 meq acid is necessary (which is equal to 196.16 g sulfuric acid and 145.84 g hydrochloric acid). Considering a density of 1.84 g=cm 3 for sulfuric acid and 1.189 g=cm 3 for hydrochloric acid, the equivalent volume of sulfuric acid is 106.61 × 10 −3 L and the equivalent volume of hydrochloric acid is 122.68 × 10 −3 L. Sulfuric acid and hydrochloric acid (produced by Merck Company, Germany) cost approximately US$17/L and US$15/L, respectively. Thus, for an irrigation time of 1 h, the price of sulfuric acid injection is US$662 dollars (106.61 × 10 −3 L × 17 × 365 ¼ US$662), and the price of hydrochloric acid injection is US$672. Thus, the use of a Merus ring (at US$330) is an economical approach to water treatment compared to acid injection. In addition, the use of a Merus ring is very simple, and its application is not very complicated. It should be noted that acid injection may cause corrosion of metallic equipment, whereas one of the uses of a Merus ring is to remove corrosion in a pipeline system.
Conclusion
Results of the study presented here showed that a Merus ring reduces precipitation of Ca 2þ , Mg 2þ , Na þ , and HCO -3 ions in emitters. In other words, Merus ring reduces salt precipitation in emitters and leads to reduced emitter clogging and, consequently, higher uniformity of water distribution. The results of system performance parameter measurements showed that irrigation water with a Merus ring has a significant effect on the average discharge of emitters and trickle irrigation uniformity parameters. The use of a Merus ring in trickle irrigation is recommended to achieve lower emitter clogging, higher distribution uniformity, and better irrigation performance, especially in arid regions with higher irrigation water salinity. The use of a Merus ring is simple, and it is an economical approach to water treatment compared to acid injection.
